CVI Si 3 N 4 is similar to cauliflower, which can be associated with little-liquid-drop growth mechanism. Micro-cracks exist due to the thermal expansion mismatch between the silicon nitride particles and CVI Si 3 N 4 . The density of the preform is 1.63g.cm'\ and the pore ratio is 47.18%. After CVI process, the density of the preform is 2.30g.cm'\ and the pore ratio is 12.03%.
INTRODUCTION
Si 3 N 4 ceramic is considered to be a candidate for high temperature radome materials because of the following properties: (1) a high mechanical strength; (2) a good thermal shock resistance; (3) excellent resistance to rain and sand erosion; (4) an acceptable dielectric constant; (5) a low dielectric losses (tan6=0.002 up to a temperature of 800°C) /1-5/.
Si 3 N 4 ceramics are prepared by sintering process, including reaction-bonded silicon nitride (RBSN)/6/, hot pressing silicon nitride (HPSN) ΙΊΙ and hot isostatic pressure silicon nitride (HIPSN) /8/. The unavoidable additives or residual Si would destroy the dielectric properties of the Si 3 N 4 ceramics fabricated by the above processes. In order to fabricate Si 3 N 4 ceramics without additives or residual Si, it is necessary to develop a new process 161.
Chemical vapor infiltration (CVI) process can be used to prepare matrix with high purity. The continuous fiber reinforced Si 3 N 4 matrix composite has been prepared by our group /9,10/ through chemical vapor infiltration. The influences of temperature, time and gas flux were discussed. Then the composite was characterized by XRD, SEM and EDS. For high temperature radome applications, the carbon fiber was not acceptable because it was not transparent.
Preparation and Characterization of Si 3 N 4( p/Si 3 N 4 Composites
However, the transparent fibers such as Si 3 N 4 fiber and BN fiber were not only very expensive, but also unavailable. As a result, a new type of porous preform was designed and prepared using particles in our groups /11/.
The Si 3 N 4( p)/Si 3 N 4 composite was investigated in present work. The composition, phase and microstructure of the composites were characterized. The influence of heat treatment was also discussed. Finally, the change of pore in the preform before and after infiltration was demonstrated.
EXPERIMENTAL

Preparation of preform
The silicon nitride powder (Si 3 N 4 (wt.%)>98%, ό.Ομιη), which was produced by Shanghai Kingsway Fine Ceramics Co., Ltd., was used to conglomerate. The binder was the silicon Sol (Si02(wt.%), 24.36%), which was produced by XinYu Chemical Co., Ltd in China. The silicon nitride particle was mixed and conglomerated afterward.
Conglomerated particles with diameters from 0.6 mm to 1.0 mm were selected using a sieve. Finally, the porous preforms were prepared by cold press process.
CVI process
The preparation of Si 3 N 4 matrix by chemical vapor infiltration process involved the reaction of NH 3 and SiCl 4 .
Silicon tetrachloride (SiCl 4 >99.99wt.% and iron<10ppm) was used as silicon source for silicon nitride because of its having a lower erosion to the furnace than SiF 4 as Si source. The nitrogen source was provided by the ammonia gas (NH 3 >99.99vol.%). Hydrogen (H2>99.99vol.%) was used as carrier of SiCl 4 . The process conditions of CVI are summarized in Table 1 . 
Characterization and testing
The compositions were characterized using PANalytical X'Pert PRO MPD X-ray fluorescence (XRF). X-ray diffraction (XRD) patterns were recorded on a PANalytical X'Pert PRO MPD X-ray diffractometer, using Cu Κα radiation (40 kV and 35 mA) to examine the crystallization. Surface and cross section morphology was determined using a Hitachi S-2700 scanning electron microscope (SEM, S-2700). An energy dispersive X-ray spectrum (EDS, EDXA) was performed to identify the presence of silicon, nitrogen, and oxygen in the as-deposited composites. The pore size distribution of the preform was characterized through POREMASTER-33 Instrument (United States, Quantachrome Co., Ltd.).
RESULTS AND DISCUSSION
Compositions and phases characterization
The element compositions of composites characterized by XRF are shown in Table 2 pressure at 1300 to 1500:. using chemical vapor deposition. 
Preparation and Characterization of Si 3 N^p/Si^N 4 Composites
The mass loss of composites after being treated at 1400°C and 1600°C is shown in Table 3 . The mass loss of composites was 0.36%-0.55% after being treated at 1400°C for 2h. However the mass loss was 3.09%-3.48% after being treated at 1600°C for 2h. At the same time, there were a lot of white floccules on the wall of graphite crucible, which was Si 3 N 4 , Si0 2 , SiC and free Si according XRD results (see Fig. 2 ), when the sample was treated at 1600°C. In this process, the following reactions may occur: A small amount of Si0 2 volatilized and reacted with N 2 and graphite crucible at 1400°C, so the mass loss was small. With the temperature increasing, a large amount of Si0 2 volatilized and reacted with N 2 and graphite crucible, which resulted in the large mass loss and the formation of floccules on the wall of graphite crucible. The density of composites would also be influenced by the volatilization and reaction. After being treated at 1400°C, the density decreased by O.Olg.cm' 3 , but after being treated at 1600°C, the density decreased by 0.07-0.08g.cm' 3 (Table 3) .
Microstructure of the composites
In order to investigate the cross section morphology, the preform was infiltrated using resin. The cross section morphology of silicon nitride preform is shown in Fig. 3 . There were large amounts of large pores filled with resin among silicon nitride conglomerations with a size of ΙΟΟμπι (Fig.3 (a) ). In the conglomerations, the diameter of the pores was several microns. According to previous work /14/, the bimodal pores had a beneficial effect on controlling the different amount of silicon nitride deposit in and among conglomerations. 4 shows the microstructure of the composites after CVI process. There were large amount of matrix (silicon nitride) inter-conglomerations and intra-conglomerations from morphologies of Fig. 4 . The cross section of composite indicated that the conglomeration was compact in Fig.4 (a) . It also showed that the interface between two conglomerations was more compact than that of the inner part of the conglomerations. There were some residual pores in the conglomeration because of CVI process characteristic in Fig.4 (b) . The composite edge was more compact than the inner part because the edge was more favorable for gas transport and deposition reaction than the inner part (Fig.4  (c) ). The large CVI Si 3 N 4 particle was made up of small particle (Fig.4 (d) ). The morphology of CVI Si 3 N 4 appears like cauliflower with glossy surface. According to morphology of CVI Si 3 N 4 , the formation procedure may be as follows: (1) the liquid phase came into being from gas; (2) the liquid was absorbed on the substrate (silicon nitride); (3) the solid silicon nitride was formed; (4) the silicon nitride amalgamated, grown and the cauliflower-like silicon nitride formed. There were cracks on the CVI Si 3 N 4 surface due to the thermal expansion coefficient mismatch between silicon nitride particle and CVI Si 3 N 4 in Fig.4 (e) . 
Pore distribution of the composites
The density of the preform was 1.63g.cm' 3 , and the pore ratio was 47.18%. Fig.5 shows the pore size distributions of preform with 0.6-1.0 mm conglomeration before and after infiltrated process. It is clear that the shape of the pore size and distributions of the preform are double-peak distribution in Fig.5 (a) . There were two types of pore sizes in the preform, i.e., large pore, 10~300μπι, about 73% volume percent and small pore Ο.Ι-ΙΟμτη, about 28% volume percent, which was true of the design as shown in Table 4 . With regard to the large pore, it was thought to exist among conglomerations. The small pore was thought to locate in conglomerations. After CVI process, the density of the preform was 2.30g.cm" 3 , and the pore ratio was 12.03%. The increased density and the decreased pore of the composites are obvious. The number of large pores decreased after infiltration as shown in Fig.5 (b) . There are three distribution ranges, including 0.01-0.Ιμηι, 27% volume percent in total pore, 0.1~10μηι, 44% volume percent in total pore and 10~300μηι, 25% volume percent in total pore. According to these results, the composite has lower pore content, higher density and more uniform pore distribution after infiltration.
SUMMARY
In this paper, the Si 3 N 4p /Si 3 N 4 composite was prepared by CVI process from SiCl 4 -NH 3 -H 2 -Ar system. The main elements of the composites were Si, Ν and Ο according to XRF results. The main phases were Si 3 N 4 , amorphous CVI Si 3 N 4 and small amount of Si0 2 by XRD. After heat treatment, the amorphous CVI Si 3 N 4 transformed to a-Si 3 N 4 and β-Si 3 N 4 . The mass of the composites would decrease due to the volatilization and reaction. The density of the preform was 1.63 g.cm" 3 , and the pore ratio was 47.18%.
After CVI process, the preform became compact. The interface between the conglomerations was compact. Residual pores, however, were found in the composites. The morphology of CVI Si 3 N 4 is similar to cauliflower, which can be associated with little-liquid-drop growth mechanism and some micro-crack existed due to the thermal expansion mismatch between silicon nitride particle and CVI Si 3 N 4 . The density of the composite was 2.30g.cm' 3 , and the pore ratio was 12.03%.
